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Abstract

Vapor pressure data below the normal boiling point are presented for ternary mixtures
that are prepared from the following chemicals: perfluoro [methylethyl ether] (RE-218),
pentafluorodimethylether (RE-125), 1,1,1 trifluorodimethylether (RE-143a), dimethylether
(RE-170), 1,1,1,2 tetrafluoroethane (R-134a), 1,1,1 trifluoroethane (R-143a), 1,1
difluoroethane (R-152a), fluoroethane (R-161), and difluoromethane (R-32). Liquid-liquid
phase separation in the binary mixtures RE-218/RE-170 and RE-218/R-161 is eliminated
with the ternary mixtures, RE-218/RE-143a/RE-170 and RE-218/R-134a/R-161. A sufficient
amount of vapor pressure data were obtained for these ternary mixtures to calculate vapor-
liquid phase relations using van Laar equations for ternary mixtures. Vapor pressure data
are also reported for a number of ternary mixtures containing RE-125. Liquid density data
and the critical parameters are reported for the equimolar mixtures, RE-218/R-134a/R-161,
RE-125/R-32/R-152a, and RE-125/R-32/R-134a, which are judged to have a high potential
as R-22 alternatives based on their boiling point and critical temperature.
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1. Introduction

The search for R-22 replacements has identified binary azeotropic mixtures of
perfluoro[ethylmethylether] (RE-218) with partially fluorinated ethane derivatives or the
partially fluorinated ether, 1,1,1 trifluoromethylmethylether (RE-143a). These mixtures have
boiling points lower than —30°C and critical temperatures higher than 80°C [1-3]. The
boiling points and critical temperatures should be compared to those of R-22, -40.1°C and



96°C respectively. However, other binary mixtures investigated, such as RE-218/R-161 or
RE-218/RE-170, (R-161 and RE 170 refer to fluoroethane and dimethylether, respectively).
that yield low boiling points approaching that of R-22 have high liquid-liquid phase
separation temperatures which may be a factor in refrigeration applications.

In order to eliminate the liquid-liquid phase separation temperatures for binary
mixtures containing RE-218, 1,1,1,2 tetrafluoroethane (R-134a) or RE-143a are added to the
binary mixtures producing the ternary mixtures, RE-218/RE-143a/RE-170 and RE-218/R-
134a/R-161 and the vapor pressures of these mixtures at various compositions are studied.
In addition ternary mixtures containing pentafluorodimethyl ether (RE-125) are investigated
to determine if lower boiling points and higher critical temperatures that approach those of R-
22 can be achieved. It is the purpose of this paper to report the results of these investigations.

I. Experimental Methods and Results

For a description of the experimental methods the reader is referred to the authors’
previous publications [2-5]. Briefly the vapor pressures below the boiling point were
measured to within 0.5 kPa using MKS capacitance pressure sensors and the temperatures
were measured to within 0.1 K using a copper constantan thermocouple calibrated against a
precision Guildline platinum resistance thermometer. The mixtures were prepared to a
prescribed mole fraction to with 0.5% accuracy by condensing the components of the mixture
into the sample bulb from a calibrated volume. The critical temperature was measured by
slowly raising the temperature of the sample in a sealed tube until the disappearance of the

meniscus was observed. The saturated liquid density, p;, and diameters, ; [= (pit pe)/2, pe

being the saturated vapor density], were measured as function of temperature to with 1kg/m’
by preparing several samples of differing weight in a precision bore tube (25 cm in length)
and measuring the displacement of the meniscus from the bottom of the tube with a Gaertner
cathetometer. The chemicals used in this work were synthesized to 99.5% purity, excepting
R-161 (CH3;CH,F) which was purchased from PCR. The purity of R-161 was verified to be
99.5% by a combination of 'H and '°F NMR spectroscopy, FT-IR spectroscopy, and GC-MS
spectroscopy.

The results of the vapor measurements are presented in Tables 1 through 4 and the
results of the density measurements are presented in Table 5.  The vapor pressures of the
ternary mixtures containing RE-218 are presented in Tables 1 and 2 at a number of
compositions. One of these ternary mixtures contains RE-218 which has a high fluorine
content and RE-170 which contains no fluorine. These two components would form very
nonideal binary mixtures whose boiling point in principle could be sufficiently lowered
below those of the pure components to approach the boiling point of R-22. However the
nonideality of these mixtures is so great that liquid-liquid phase separation would occur up to
temperatures above the normal boiling point. The liquid-liquid phase separation is
eliminated by adding the third component, RE-143a (CF;OCHj3), with an intermediate
fluorine content. Effectively the nonideality could be tuned by adjusting the content of RE-
143a to produce the optimal boiling point for the resulting ternary mixture. For this reason
we have investigated numerous compositions of these mixtures and the measured vapor



Table 1.

Experimental vapor pressure below the normal boiling point as a function of temperature and
mole fraction ratio for RE-218/RE-143a/RE-170 Mixtures.

70:15-15 | 47.1:264:264 | 45:35:20 | 4020440 | 35:35:30 | 33:33:33
c0) (k?a) TCC) (k?a) T(C) (kga) T(C) (kga) T(C) (kga) T(C) (kga)
556 | 315 | 589 | 26.1 | -52.0 | 369 | -57.0 | 31.5 | -62.8 | 200 | -57.1 | 28.0
522 | 38.1 | -55.6 | 31.6 | -50.0 | 412 | -549 | 35.6 | -58.1 | 269 | -53.0 | 35.5
489 | 453 | 525 | 38.1 | -48.0 | 464 | -52.8 | 40.1 | -54.5 | 33.1 | -50.6 | 40.5
457 | 533 | 492 | 453 | -45.7 | 524 | 512 | 439 | -51.5 | 392 | -48.0 | 46.8
429 | 612 | -465 | 521 | 437 | 579 | -492 | 488 | -48.7 | 459 | 454 | 53.6
402 | 696 | 435 | 60.8 | -41.9 | 633 | 473 | 53.7 | -46.1 | 527 | -43.1 | 60.1
36.8 | 809 | 414 | 67.7 | -40.5 | 68.1 | -45.6 | 588 | -43.8 | 59.3 | -40.9 | 67.1
349 | 88.8 | -38.9 | 76.5 | -382 | 76.0 | -43.8 | 645 | -41.6 | 663 | 383 | 76.8
335 | 941 | 373 | 821 | -36.2 | 835 | 423 | 69.7 | -39.4 | 73.5 | -37.2 | 80.5
325 | 985 | -35.9 | 87.9 | -34.1 | 92.1 | 405 | 76.1 | -37.6 | 80.5 | -35.4 | 87.1
345 | 936 | -32.4 | 993 | -38.7 | 82.8 | 354 | 88.5 | -34.0 | 933

335 | 985 37.0 | 895 | -344 | 93.1 | -32.7 | 985

336.0 | 93.9 | -33.0 | 988
349 | 984

30:30:40 | 25.5:25.5:49 | 20:20:60 | 20:60.20 | 151570 | 10:10:80

T(0) (kII;a) Ico) (kllja) TCC) (kllja) T (0 (kII;a) T (0 (kII;a) T (0 (kII;a)
646 | 188 | -59.8 | 255 | -59.8 | 259 | -62.8 | 17.5 | -60.0 | 27.1 | -57.4 | 313
602 | 248 | 560 | 32.0 | -56.2 | 32.7 | -56.9 | 253 | -56.4 | 33.3 | -54.5 | 37.5
562 | 313 | -53.1 | 383 | -534 | 385 | -533 | 313 | -53.4 | 395 | -51.5 | 448
533 | 37.1 | -50.6 | 43.9 | -50.7 | 453 | -49.7 | 388 | -51.2 | 448 | -492 | 50.9
504 | 439 | 480 | 50.5 | 485 | SI.1 | 459 | 47.5 | -49.0 | 50.7 | 465 | 58.9
476 | 508 | 455 | 57.6 | -46.3 | 573 | -42.6 | 555 | -46.8 | 57.1 | 456 | 61.7
451 | 575 | -43.1 | 652 | -44.0 | 644 | 392 | 655 | -44.6 | 637 | -43.9 | 66.9
425 | 659 | 410 | 721 | 421 | 708 | 372 | 724 | -42.5 | 708 | -42.4 | 72.0
400 | 744 | 387 | 80.5 | -40.4 | 773 | 348 | 80.8 | -40.7 | 77.7 | -41.0 | 77.5
384 | 803 | -37.0 | 872 | -37.2 | 893 | -32.6 | 88.9 | -38.9 | 84.1 | -39.5 | 833
367 | 86.8 | -35.4 | 933 | -36.4 | 93.1 | -31.6 | 93.5 | -37.1 | 923 | -37.8 | 89.6
350 | 933 | -343 | 99.1 | -35.0 | 98.9 | -30.5 | 98.7 | -35.6 | 98.5 | -36.5 | 95.1
340 | 98.0 356 | 98.4




Table 2

Experimental Vapor Pressure below the normal boiling point as a function
of temperature and mole fraction ratio for RE-218/RE-143a/RE-170 Mixtures

85:5:10 | 74:105:155 | 60:15:25 | 50-18.6:31.4 | 45:45:10 40:40:20 | 40:22.1:37.9 | 33.3:33.3:33.3
cC) (kllja) TCO) (k{;a) T (o) (kll;a) T (o) (kga) T (o) (kga) T (o) (kga) TCo (kga) TCo (kga)
476 | 549 | 477 | 605 | -542 | 473 | 552 | 42.8 | -484 | 488 | -544 | 37.6 | -52.8 | 492 | -55.1 | 40.0
457 | 591 | 461 | 643 | -523 | 52.1 | -53.7 | 46.7 | -46.9 | 529 | -52.5 | 41.7 | -513 | 53.6 | -52.5 | 46.0
440 | 627 | 450 | 679 | 505 | 568 | -522 | 508 | 456 | 56.8 | -50.6 | 463 | -50.0 | 573 | -50.8 | 50.5
421 | 672 | 432 | 729 | 484 | 62.8 | 503 | 563 | -442 | 612 | -488 | 51.1 | -49.0 | 60.5 | -49.0 | 55.6
407 | 713 | 420 | 768 | 470 | 672 | -489 | 60.5 | 427 | 65.7 | -46.6 | 572 | -47.9 | 644 | 472 | 613
305 | 751 | 409 | 807 | 456 | 72.0 | -47.5 | 649 | -41.4 | 703 | -45.0 | 624 | -46.7 | 68.1 | 457 | 66.1
382 | 79.1 | 396 | 847 | 437 | 78.0 | -46.0 | 69.7 | 39.9 | 75.6 | -43.1 | 68.7 | -45.6 | 72.0 | -44.1 | 71.5
370 | 832 | 383 | 89.5 | 423 | 833 | 445 | 752 | -38.6 | 80.1 | -40.9 | 764 | 442 | 768 | -422 | 784
358 | 87.1 | 37.0 | 948 | 409 | 88.4 | 432 | 79.9 | -37.3 | 85.6 | -383 | 86.4 | 432 | 80.7 | -40.8 | 83.6
347 | 91.6 | 360 | 987 | 397 | 932 | 420 | 852 | 36.0 | 909 | -36.7 | 93.1 | -42.2 | 845 | -38.7 | 92.3
335 | 957 382 | 992 | 408 | 89.9 | 352 | 947 | 353 | 99.7 | -41.0 | 89.9 | -37.3 | 98.7
328 | 983 306 | 941 | 342 | 988 399 | 940

387 | 985 388 | 985




Table 2 (continued)

30:30:40 30:26:44 25:30:45 20.7:56:23.3 15:20:65 10:10:80 10:80:10
0 P o P 0 P 0 P N P o P o P
0 (kPa) 0 (kPa) O (kPa) O (kPa) T (kPa) T (kPa) T (kPa)

-54.0 | 448 | -57.7 | 37.7 | -53.77 | 453 | 495 | 459 | -548 | 476 | -58.0 | 433 | -48.6 | 42.0

-52.5 | 489 | -554 | 429 | -524 | 489 | 480 | 505 | -534 | 512 | -56.0 | 48.5 | -47.0 | 45.6

-51.0 | 53.1 | -53.8 | 469 | -50.7 | 53.7 | -46.0 | 559 | -51.8 | 563 | -54.1 | 54.1 | -453 | 49.6

-49.5 | 573 | 513 | 54.0 | -489 | 59.1 | -443 | 61.2 | -50.1 | 61.5 | -523 | 589 | -43.8 | 539

-48.1 | 619 | -50.1 | 57.7 | 474 | 639 | -429 | 66.1 | -48.6 | 66.7 | -50.7 | 645 | -42.3 | 58.1

-46.6 | 668 | 488 | 615 | 457 | 69.7 | -413 | 715 | 469 | 72.1 | 488 | 70.1 | -399 | 653

-452 | 717 | 478 | 648 | -434 | 783 | -39.8 | 769 | 455 | 775 | 474 | 757 | -3844 | 699

-43.5 | 777 | 46.7 | 68.7 | 419 | 832 | -383 | 823 | 441 | 833 | 458 | 81.6 | -37.1 | 748

-42.0 | 835 | 454 | 733 | 408 | 883 | -36.7 | 888 | -42.6 | 888 | -444 | 873 | -35.6 | 799

-40.8 | 885 | -439 | 784 | -39.6 | 935 | 355 | 939 | 414 | 941 | 429 | 933 | -344 | 853

-39.6 | 933 | -42.6 | 83.7 | -38.4 | 98.1 | -345 | 985 | -403 | 985 | -41.5 | 99.1 | -329 | 90.9

-384 | 988 | -414 | 889 -31.0 | 99.5

-40.1 | 93.7

-38.9 | 993




Table 3

Experimental vapor pressures below the boiling point for equimolar ternary mixtures containing RE-125

RE-125/R- | RE-125/R- | RE-125/R- | RE-125/R- | RE-125/R- | RE-125/R- | RE-125/RE- | RE-125/RE-
143a/R-161 | 143a/R-152a | 143a/R-134a| 32/R-161 | 32/R-152a | 32/R-134a | 143a/R-143a| 143a/R-161
eC) (k];a) TCO) (k];a) (‘%) (kf’a) (02) (kf’a) (‘%) (kII;a) (‘{:) (kII;a) Ico) (kllja) (‘%) (kII;a)
612 343 | 521 | 484 | -59.7 | 31.9 | -62.4 | 376 | -58.5 | 404 | -58.1 | 41.3 | -52.4 | 46.1 | -543 | 323
250.0 | 384 | -503 | 532 | -57.1 | 36.7 | -60.2 | 42.9 | -56.6 | 44.9 | 563 | 45.6 | -50.7 | 50.3 | -51.3 | 38.4
1569 | 432 | 483 | 58.9 | -54.6 | 41.9 | -58.4 | 473 | -54.7 | 49.9 | 543 | 51.1 | -49.1 | 54.1 | -48.6 | 44.5
548 | 48.1 | 459 | 663 | -52.9 | 464 | -56.7| 52.1 | -53.1 | 54.4 | -52.5 | 56.0 | -47.3 | 59.5 | -45.7 | 51.5
529 | 532 | 447 | 704 | -50.9 | 51.6 | -54.9 | 56.8 | -51.6 | 58.7 | -50.9 | 60.8 | -45.5 | 64.8 | -43.0 | 59.1
5509 | 59.1 | 435 | 74.4 | 488 | 57.9 | -53.3 | 623 | -50.0 | 63.6 | -49.2 | 66.7 | -43.9 | 70.1 | -40.8 | 65.9
491 | 648 | 423 | 785 | -46.0 | 66.0 | -52.1| 66.1 | 483 | 69.7 | -46.6 | 76.1 | -42.5 | 74.9 | -38.3 | 73.9
473 | 705 | 409 | 84.0 | 443 | 71.9 | -50.5 | 71.7 | -46.9 | 74.9 | 453 | 80.7 | -41.0 | 80.4 | -35.2 | 86.0
455 | 775 | 39.7 | 88.1 | -42.6 | 784 | -47.8 | 81.6 | 453 | 80.4 | -43.8 | 86.8 | -39.4 | 86.4 | -32.4 | 97.9
440 | 831 | 383 | 94.4 | -41.1| 83.9 | 458 | 90.1 | -43.9 | 863 | 423 | 92.8 | -38.2 | 90.9

428 | 883 | 372 | 98.9 | -39.5| 90.5 | 447 | 952 | -42.3 | 92.0 | -40.6 | 100.3 | -37.4 | 945

414 935 375 | 99.1 | 435 | 100.3 | -40.8 | 99.5 364 | 988

402 | 98.9




Experimental vapor pressure measurements as a function of temperature for

Table 4

selected ternary mixtures between the normal boiling point and critical temperature.

RE218/R134a/R161 RE125/R32/R134a RE125/R32/R152a
7(°C) P (kPa) T(°C) P (kPa) T (°C) P (kPa)
14.2 698.3 14.6 811.5 11.6 736
20.7 839.6 17.2 875.2 16.8 859
25.0 944.9 20.2 951.9 22.0 996
30.1 1082.6 24.9 1080.9 27.2 1148
35.1 1235.1 30.2 1243.7 324 1317
40.2 1402.7 35.2 1409.7 37.6 1503
45.5 1596.9 40.0 1585.5 42.8 1709
50.5 1797.7 46.3 1832.0 48.0 1935
56.3 2046.5 50.2 2000.5 53.2 2182
60.5 22494 55.2 2230.9 58.3 2453
65.4 2499.7 60.1 2471.5 63.5 2748
70.1 2763.2 66.1 2789.6 68.7 3071
74.3 3015.5 71.1 3074.7 73.9 3423
77.4 3214.0 74.0 32453 79.1 3807
80.8 3675.8 84.3 4226

89.5 4682
Table 5

Measured saturated liquid densities and diameters between the
boiling point and critical temperature for selected ternary mixtures.

RE218/R134a/R161 RE125/R32/R134a RE125/R32/R152a

T(°’C) | P(kPa) | T(°C) | T(°C) | P(kPa) | T(°C) | T(°C) | P(kPa) T(°C)
24.1 | 1133.1 | 593.1 224 | 11762 | 611.1 22.7 1150.3 591.1
31.0 | 1102.3 | 5835 27.7 11502 | 603.4 30.6 1125.2 580.1
355 |1080.4 | 5773 36.1 1111.5 | 591.1 35.8 1104.9 572.8
40.7 | 1053.4 | 570.1 41.2 1087.4 | 583.6 41.9 1075.8 564.2
45.6 | 10383 | 563.3 46.6 1060.5 | 575.8 50.8 1034.0 551.8
51.6 | 1002.0 | 555.0 51.3 10359 | 568.9 56.8 993.1 543.4
55.5 | 978.5 | 549.6 58.8 999.5 | 557.9 61.1 968.8 537.4
60.4 | 947.8 | 542.8




pressures are given in Table 1. Likewise the vapor pressures of RE-218/R-134a/R-161 are
examined at a number of compositions and are presented in Table 2.

Unlike mixtures containing RE-218, the vapor pressure of mixtures containing RE-
125 exhibit nearly ideal behavior [3]. Therefore detailed composition studies of these
mixtures were not performed. Rather a number of ternary mixtures were examined which
contained RE-125 and various other components in equimolar amounts. The vapor pressure
measurements from these studies are presented in Table 3.

From these investigations it was judged based on boiling point and critical
temperature that three of the equimolar mixtures; RE-218/R-134a/R-161, RE-125/R-134a/R-
161 and RE-125/R-32/R-152; have high potential as R-22 alternatives. Vapor pressure
measurements for these mixtures were extended to temperatures above the boiling point,
approaching the gas-liquid critical temperature and are presented in Table 4. The saturated
liquid density and diameters measured for these mixtures are presented in Table 5.

III. Discussion and Conclusions

In order to analyze the vapor-liquid phase diagram for the ternary mixtures containing
RE-218 and identify possible azeotropic compositions, a 3-component van Laar analysis
described by Wohl [6] was applied to the vapor pressure data in Tables 1 and 2. It begins by
fitting the vapor pressure data to the following van Laar equations by the least squares
method,

P=Fxy +Pxy, + B'x;y, (1)
where y1, v» and y; are the activity coefficients of components 1, 2 and 3, respectively; P,°,
P,° and P5° are the vapor pressures for pure components 1-3 and X;, X> and Xj; are the liquid

mole fractions of the components, respectively. The vapor phase mole fractions, y; and y»
are estimated from

o
x By,

yl = Pt s (2)
x, Py
yp =l 3

t
The activity coefficients for ternary liquid mixtures are given by,

2 2
xjAl—z(Az_lj + fol—s(As_lJ + X)X, Ao A (AI—Z +A4.,-4;, AHJ
4, 4, A4, A4 4;
4.\ 4
[xszAzs(/;z] +x12A2_1 T
b3 -

logy, =

logy, =




where Aj,, Az, A, Az, Azs and Az, represent the van Laar parameters as proposed by
Wohl [6]. Equations (1) through (6) assume that the vapor fugacity is equal to the partial
vapor pressure of the corresponding components.

The temperature dependence of the van Laar coefficients are assumed to be linear
with the reciprocal Kelvin temperature. The results of fitting the vapor pressure data in
Tables 1 and 2 to these van Laar equations by least squares calculation is given in Table 6.
The pure component vapor pressure data needed for these calculations is taken from our
previous publications [1,3,7], i.e. vapor pressure data for RE-218, RE-143a, R-161 were
obtained from Kul et al. [1], for R-134a from Kul et al. [3], and for RE-170 from Kul [7].

Table 6

Results of the van Laar analysis of the vapor pressure data below the boiling point.

A Az Az A3z Az Az

CF;0CF,CF3(1)/CFs0CH;(2)/CH;0CH5(3) Mixtures (RMS Dev. = 2%)

249.2 1080.4 1751.9 813.4 663.3 53.17
—0.2307 + — 5.9947 — —4.3277 + 5.474 - - 2.8439 — X 0.2278 — —

T T

CF;0CF,CF3(1)/CF5CH,F(2)/CH;CH,F(3) Mixtures (RMS Dev.= 1%)

—2.9947 +

1076.5 329.74 282.53 1825.5 3407.5 2485.6
2.6721 - = 1.3458 + 7 —6.506 + 14.225 — 10.231 -

Using the van Laar Equations and the temperature dependence of the van Laar
coefficients, ternary compositions with the same boiling point were calculated and these
compositions for various boiling points are presented in ternary composition diagrams,
Figures 1 and 2. One can view the lines of constant boiling point on these 2-D diagrams as
points on a sheet or surface of a three dimensional ternary diagram in which the normal
boiling point would be third dimension. The minima or troughs or valleys on this sheet are
identified by directed lines in Figures 1 and 2. For the RE-218/RE-143a/RE-170 mixtures
(Figure 1) the trough begins with the azeotropic minimum boiling (-30°C) composition of
binary mixture, RE-218/RE-143a, and extends toward increasing mole fractions of the third
component, RE-170. The boiling points along the trough decrease to -34 °C. The calculated
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Figure 1. Boiling point diagram of the RE-218/RE-143a/RE-170 Ternary Mixtures Versus
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Figure 2. Boiling Point Diagram of the RE-218/ R-134a/R-161 Ternary Mixtures
Versus Liquid Mole Fractions of Components.
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liquid and vapor phase compositions at one point along the trough are nearly equal, i.e. the
liquid phase mole fractions are; X;=0.472, X,=0.264 and X3=0.264 with a boiling point of —
32.8°C and the corresponding vapor phase compositions are y;=0.508, y,=0.237 and
v3=0.255, where RE-218, RE-143a and RE-170 are components 1, 2 and 3, respectively.
Although this composition is not a true ternary azeotropic composition, it does have
azeotropic like behavior and hence the terminology of ‘near azeotropic’ composition is used.

Figure 2 illustrates that the boiling point behavior of the mixture, RE-218/R-134a/R-
161, parallels that of RE-218/RE-143a/RE-170. An azeotropic line or ‘trough’ begins with
the azeotropic composition, 0.48 mole fraction of RE-218, of the binary mixture, RE-218/R-
134a, whose azeotropic boiling point is —32°C. The azeotropic line extends toward
increasing concentrations of the third component, R-161. As one increases the concentration
of CH3;CH,F, the boiling point rapidly decreases to —42°C at which point liquid-liquid phase
separation occurs. The composition along the azeotropic line which is judged the best
composition for R-22 refrigerant applications is at equimolar concentrations of the three
components. This composition has a boiling point, -36.7°C that is well below that of the
binary mixture, RE-218/R-134a. It is also expected to be nonflammable by the rule that the
total number of C-F bonds in the mixture exceeds the sum of the total number of C-C and C-
H bonds [8]. Mixtures with lower boiling points are expected to be flammable and to have
high liquid-liquid phase separation temperatures.

Table 7

Parameters of Equation (7) Obtained by a Least Squares Calculation on
Vapor Pressures Measured Below the Boiling Point for equimolar ternary mixtures.

Mixture Empirical Parameters (Eq. (7)) Boi{)ing P. | % RMS
a b c (0 Dev
RE-125/RE-143a/R-161" | 47.4876 -4.9541 | -3789.5 -31.6 0.3
RE-125/R-134a/R-161" 77.9263 -9.6493 | -4916.6 -31.8 0.3
RE-218/RE-143a/RE-170 | 67.5142 -8.0479 | -4520.2 -32.1 0.3
RE-125/RE-143a/R-143a | 19.0488 -0.6094 | -2633.8 -35.8 0.2
RE-125/R-143a/R-152a 88.7409 | -11.4379 | -5109.6 -36.6 0.2
RE-218/R-134a/R-161 82.5243 | -10.4078 | -4970.6 -36.7 0.2
RE-125/R-143a/R-134a 47.4327 -4.9688 | -3698.5 -37.0 0.4
RE-125/R-143a/R-161 13.0778 0.3573 -2429 .4 -39.7 0.3
RE-125/R-32/R-152a 89.0983 | -11.4834 | -5097.1 -40.3 0.3
RE-125/R-32/R-134a 91.9289 | -11.9164 | -5206.0 -40.4 0.2
RE-125/R-32/R-161 67.3819 -8.1109 | -4289.6 -43.3 0.3
“Data taken from Kul et al. [2]
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The vapor phase composition at the equimolar liquid composition indicates
fractionation of the low boiling, R-161 component. Consequently, the “near azeotropic”
behavior of these mixtures is poorer than RE-218/RE-143a/RE170 mixtures. However,
because of their lower boiling point and higher critical temperature, the RE-218/R-134a/R-
161 mixture is expected to have a higher potential as an R-22 alternative. The boiling point
of the various ternary mixtures containing RE-125 was obtained by fitting the vapor pressure
data in Table 3 to the following empirical relation,

1nP=a+b1nT+%, 7)

The results are summarized in Table 7 along with related results from prior work [2]. For
comparison purposes we have also included in Table 7, results for ternary mixtures
containing RE-218 that were investigated in this work. The results are ordered with
decreasing boiling point.

IV. Summary of Conclusions

The ternary mixture van Laar analysis [6] are useful for identifying azeotropic and
near azeotropic compositions for the nonideal mixtures. A near azeotropic composition is
determined for the ternary mixture, RE-218/RE-143a/RE-170 with a mole fraction ratio of
0.472:0.264;0.264 and a boiling point of —32.8°C. However based on the boiling point, the
optimal mixture for R-22 replacement that contains RE-218 is the equimolar mixture of RE-
218/R-134a/R-161 (See Table 7) with a boiling point of —36.7°C. The optimal mixtures that
contain RE-125 are the equimolar mixtures RE-125/R-32/R-134a and RE-125/R-32/R-152a
with boiling points of -40.4 and —40.3, respectively (See Table 7). Saturated liquid densities

Table 8

Empirical representations for liquid density, boiling point and critical constants for
ternary mixtures with high potential for R-22 replacement.

Liquid Density (kg/m")

. pC
Mixture (t=Centigrade Temperature) (kg/m’)

t(°C) | t(°C) P. (kPa)

RE-218/R-134a/R-161 | 1210.7 - 2.5911%t - 0.02869*t> | -36.7 | 87.6 | 504 | 3930

RE-125/RE-32/R-134a | 1276.0 - 4.3302%t - 0.00642*t* | -40.4 | 86.2 | 515 | 4038

RE-125/R-32/R-152a | 1189.4 - 0.59099%*t - 0.04965*t° | -40.3 | 89.5 | 498 | 4682

and diameters were measured for these mixtures. Also the vapor pressures were measured up
to temperatures approaching the critical temperature (See Table 4).

A parametric representation of the liquid density data along with the critical constants
are presented in Table 8. The critical density in Table 8 was obtained by extrapolating the
diameters to the critical temperature and the critical pressure is calculated from the empirical
relation (In P = o + B/T; + yInT; + STf, where T, = T/T,) that has been fitted to vapor
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pressure data (see Table 4) for temperatures ranging from the boiling point up to near the
critical temperature.

These data along with vapor pressure data, Benson et al. database for ideal gas heat
capacities [9], and modified corresponding states methods [4] can be used to estimate the
Coefficient of Performance of these mixtures as refrigerants using methods described in Bare
[10] and Morrison and McLinden [11]. Such estimates are beyond the scope of this present
paper will be reported in future publications.
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